An investigation was carried out with 49 bread wheat genotypes to assess the genetic diversity for yield and yield related traits. The Unweighted Pair Group Method using Arithmetic Averages (UPGMA) technique was used for the analysis. The genotypes were evaluated for 17 Characters and showed wide variability for the components studied. The cluster analysis grouped the 49 bread wheat genotypes into 22 different clusters. This indicates the presence of wide diversity among the tested genotypes. From cluster mean values, genotypes in cluster 9 and 13 deserve consideration for their direct use as parents in hybridization programs to develop high yielding wheat varieties. The genotypes in cluster 3 and 16 may be used for improvement of protein and gluten contents, early maturity-ness and other desirable characters other than grain yield. The result of the principal components analysis revealed that nine principal components (PC1 to PC9) accounted nearly 80 % of the total variation. It was also noted that differentiation of genotypes into different clusters was because of the small contribution of few character rather than the cumulative effect of a number of characters. The information obtained from this study can be used to plan crosses and maximize the use of genetic diversity and expression of heterosis.
INTRODUCTION
Wheat (Triticum spp.) is the second major food crop of the world in its importance next to rice. In Ethiopia the crop ranks third in terms of total production next to teff and maize. It is largely grown in the highlands of the country and constitutes roughly 20-30 % of the annual cereal production and plays an appreciable role of supplying the production with carbohydrates, proteins and minerals [6] .
For a successful breeding program, the presence of genetic diversity and variability play a vital role. Genetic diversity is essential to meet the diversified goals of plant breeding such as breeding for increasing yield, wider adaptation, desirable quality, pest and disease resistance. Genetic divergence analysis estimates the extent of diversity existed among selected genotypes [4] . Precise information on the nature and degree of genetic diversity helps the plant breeder in choosing the diverse parents for purposeful hybridization [5] . Since published works of bread wheat on genetic diversity is scanty, the aim of this experiment was to identify genetically divergent bread wheat parents with desirable traits for hybridization particularly for yield and biochemical traits like grain protein and gluten contents.
MATERIALS AND METHODS
Forty-nine bread wheat genotypes/lines which are comprised of different crosses (hybrids), nationally released and introduced varieties were used in the experiment. The experiment was conducted in Adet Agricultural Research Center (AARC) during 2007/8 summer season in simple lattice design with six rows of 20 cm spacing and 2.5 m-row length. Sowing was done by hand drilling at a seed rate of 150 kg/ha. The spacing between plots and replication were 0.2 m and 1.5 m, respectively. Dap and Urea fertilizers were applied at the rate of 100 kg/ha and 150 kg/ha, respectively. All the cultural practices were performed as recommended. The plant data during the cropping season and after harvesting were noted. Observations recorded on plot basis include days to heading, days to maturity, grain filling period, 1000 seed weight, biological yield per plot, seed yield per plot, harvest index per plot, total protein, sedimentation test, starch and gluten contents. The seed yield per plot and biological yield per plot was measured by taking a net plot of 2.5 m * 1.2 m or 3 m 2 and this was used to determine harvest index. All other characters were recorded on single plant basis by randomly taking 5 plants from each experimental plot. The statistical package NCSS (Number Cruncher Statistical System) [3] was used for genetic divergence calculation, principal component analysis and cluster mean analysis. Euclidean genetic matrices for 1225 pair wise comparisons of 49 genotypes were made using Unweighted Pair Group Method using Arithmetic means (UPGMA).
RESULT AND DISCUSSION

Genetic Divergence analysis
The unweighted pair group method using arithmetic averages (UPGMA) resulted in classifying the 49 bread wheat genotypes into 22 distinct clusters (Table 1) . This indicates the presence of wide diversity among the tested genotypes. 
Estimation of genetic distance and cluster analysis
The results of the analysis of variance (ANOVA) revealed the presence of significant difference among the tested genotypes for all the characters studied and this justified the need to estimate genetic distance values for the genotypes.
The estimate of Euclidean genetic distance value ranged from 0.47 (between ETBW5324 and ETBW5307) to 2.63 (between ETBW5320 and CRAKER/ST825) ( Table 2 ). The frequency distribution of genetic distance value for all 1225 pairs of comparisons indicates that 95 % of the pair comparisons had values between 0.51 and 2.00. Only two pairs accounting 0.16 % of the total had genetic distance value smaller than 0.5 and four pair comparisons which is only 0.4 % of the total had values greater than 2.5. HAR2093/HAR604 and CRAKER/ST825 had the greatest genetic distance from all other genotypes included in this study. Therefore, the results of the genetic distance has shown that there is a room for the genetic improvement of bread wheat varieties and the information generated can be used to plan wide crosses, to exploit genetic diversity and maximize the expression of hetrosis. Table 2 . Euclidean genetic distance ranges of bread wheat (T. eastivum) genotypes
Principal components analysis
Principal component analysis (PCA) reflects the importance of the largest contributor to the total variation at each axis of differentiation [7] . The eigenvalues are often used to determine how many factors to retain. The sum of the eigenvalues is usually equal to the number of variables. Therefore, in this analysis the first factor retains the information contained in 3.181 of the original variables. The coefficients defining the first nine principal components of these data are given in Table 3 . The coefficients are scaled, so that they present correlations between observed variables and derived components.
Nine principal components, PC1 to PC9, which are extracted from the original data and having latent roots greater than one, accounting nearly 80 % of the total variation. Suggesting these principal component scores might be used to summarize the original 17 variables in any further analysis of the data. Out of the total principal components retained, PC1, PC3, PC8 and PC 4 with values of 18.71 %, 9.68 %, 9.22 % and 8.15 % respectively contributed more to the total variation.
According to [1] characters with largest absolute value closer to unity within the first principal component influence the clustering more than those with lower absolute value closer to zero. Therefore, in the present study, differentiation of the genotypes into different clusters was because of relatively high contribution of few characters rather than small contribution from each character. Accordingly, the first principal component had high positive component loading from protein content, sedimentation volume and wet gluten content; and high negative loading from grain yield, biomass yield and starch content. The positive and negative loading shows the presence of positive and negative correlation trends between the components and the variables. Therefore, the above mentioned characters which load high positively or negatively contributed more to the diversity and they were the ones that most differentiated the clusters.
Hence, the major contributing characters for the diversity in the third principal component (PC3) were days to maturity, harvest index and days to heading; grain filling period and days to heading in principal component four (PC4); biological yield, days to heading, grain yield and starch content in principal component eight (PC8). Usually it is customary to choose one variable from these identified groups. Hence, for the first group protein content is best choice, which had the largest loading from component ones, days to maturity for the third, grain filling period for the fourth group, biological yield for the eighth group.
Cluster mean analysis
The mean value of the characters in each cluster is presented in Table 4 . The characteristic feature of each cluster is discussed here below.
Cluster 1 consisted of 2 genotypes. This cluster was found to have a characteristic feature of low yielding, moderately high number of seeds per spike and having more number of tillers per plant. The genetic distance value of these varieties was 0.793.
Two genotypes which include the standard check HAR 3730 constitute cluster 2. This cluster can be characterized by having high biomass production, low level of protein and wet gluten contents. The genetic distance value of these varieties was 0.806. Cluster 3 had two genotypes with a characteristic feature of very low grain yielding, biomass production and thousand seed weight but having high level of protein, wet gluten and starch contents. These cluster exhibited the greatest genetic distance from all other genotypes included in this study. According to [2] , increasing parental distance implies a great number of contrasting alleles at the desired loci, and to the extent that these loci recombine in the F2 and F3 generation following a cross of distantly related parents, the greater will be the opportunities for the effective selection for yield factors. Thus, crossing of genotypes from these clusters with other clusters may produce higher amount of hetrotic expression in the first filial generations (F1's) and wide range of variability in subsequent segregating (F2) populations. The genetic distance value of these genotypes was 0.812.
Cluster 4 had two genotypes with a characteristics feature of long duration of maturity, relatively low yielding, small number of seeds per spike and small tiller number per plant. The genetic distance value of these varieties was 0.827. Cluster 5 had two genotypes and this cluster could be characterized by having long duration of maturity, low grain and biomass yield. The genetic distance value of these varieties was 0.835. Cluster 6 had two genotypes and this cluster could be characterized by having low grain and biomass yield but with high protein and wet gluten contents. The genetic distance value of these varieties was 0.836. Cluster 7 had two genotypes having a characteristics feature of long duration of heading, low starch content, relatively high grain yield and very high biomass yield. The genetic distance value of these varieties was 0.891. Cluster 8 had two genotypes. This cluster is mainly characterized by having high number of seeds per spike. The genetic distance value of these varieties was 0.926. Three genotypes constitute cluster 9 and this cluster had a characteristics of relatively high grain, biomass yields, high sedimentation volume and long grain filling period. Six genotypes constitute cluster 10 with characteristic feature of long spike length, high spikelets per spike and high sedimentation volume. The range of dissimilarity obtained in this cluster was 0.569 (between ETBW5354 and ETBW5341) to 1.172 (between ETBW5354 and CMSS96YO2555S4-0Y). The largest number of genotypes accounting 26.50 % of the total was included in cluster 11 and this cluster had characteristics of small tiller number per plant, relatively high protein and wet gluten contents and long grain filling period. The range of dissimilarity obtained was 0.503 (between variety 27 and variety 38) to 1.492 (between variety 32 and variety 36). The rest clusters were singletons.
Crosses involving parents belonging to more divergent clusters would be expected to manifest maximum hetrosis and wide variability in genetic architecture [8] . In the present study, cluster 3 was more divergent than the others. However, the chance of getting segregates with high yield level is quite limited when one of the characters has a very low yield level (Samal et al., 1989) . Cluster 3 had the lowest mean performance in seed yield and other important characters. This indicates that the chance of getting segregates with high yield is limited between crosses of cluster 3 with the other clusters. The selection of parents should also consider the special advantage of each cluster and each genotype within a cluster depending on specific objective of hybridization [1] . Thus, crosses involving cluster 9 and 13 with any other cluster except cluster 3, 4, 6 and 22 are suggested to exhibit high hetrosis and could result in segregates with higher seed yield.
At a cutoff 1.00 the dendrogram revealed 22 distinct clusters which are stemmed from two main clusters. Eleven are real clusters and the rest eleven are singletons (Figure 1 ). Cophenotic value of 0.75 or more are usually recommended for the best fit of the cluster analysis. The present study confirmed a good fit with the genetic distance matrix by having cophenotic correlation coefficient of r = 0.756. The two delta goodness of fit statistics delta (0.5) and delta (1.0) were 0.141 and 0.178, respectively. When comparing to clustering configurations, the configuration with the smallest delta value fits the data better. 
CONCLUSION AND RECOMMENDATION
The present investigation provided considerable information useful in genetic improvement of bread wheat. Genotypes grouped into cluster 3 showed maximum inter cluster diversity. From cluster mean values, genotypes in cluster 9 and 13 deserve consideration for their direct use as parents in hybridization programs to develop high yielding wheat varieties. The genotypes in cluster 3 and 16 may be used for improvement of protein and gluten contents, early maturity-ness and other desirable characters other than grain yield
There is significant genetic variability among tested genotypes that indicates the presence of excellent opportunity to bring about improvement through wide hybridization by crossing genotypes in different clusters.
Further studies on the influence of environment and agronomic practices on the genetic potential of the varieties in different wheat environment is necessary. This is helpful to stratify the environments based on quality and yield suitability. Generally, the development of bread wheat varieties possessing higher grain yield, reasonably higher protein content, stronger gluten and reasonably higher HLW is important. 
